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Primer on DNA (1)
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Primer on DNA (2)

» Watson and Crick pairing
» Double helix formation
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Primer on DNA (2)
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» Three types of helicies: D :‘5’@
» A-DNA St
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Primer on DNA (3)

» Human DNA: 1-3m
» Persistence length: 50 nm
» Very flexible
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Primer on DNA (3)
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Human DNA: 1-3m
Persistence length: 50 nm
Very flexible

Environmental effects

» Temperature
» Salt
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The project:

» Reuse established CG-representations for DNA
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The project:

v

Reuse established CG-representations for DNA

Model nonbonded interactions within hybrid particle-field
framework

Parametrize the model
Benchmark the model
No excuses, parallel implementation
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Coarse grain representation

» The coarse-grained
representation should
fulfill:
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Coarse grain representation

» The coarse-grained
representation should
fulfill:

» Represent the structural
organization
» 72au per bead
» 3SPN-Model of Juan de
Pablo

» Replace nonbonded
interactions
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Coarse grain representation

» The coarse-grained
representation should
fulfill:

» Represent the structural
organization
» 72 au per bead
» 3SPN-Model of Juan de
Pablo

» Replace nonbonded
interactions
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Bonded interactions
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Bonded interactions

Equilibrium
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Hybrid particle field method

Mesoscale potentials in molecular dynamics:

Vext,i = ~l (kaZXU¢j(r) + 1 (Z ¢/(r) - (50) )
(Z)O j k j

xiji: Flory-Huggins parameter. r.: compressibility. do: system density.
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Hybrid particle field method

Mesoscale potentials in molecular dynamics:

Vext,i = ~l (kaZXU¢j(r) + 1 (Z ¢/(r) - (Z’;O) )
(Z)O j k j

xiji: Flory-Huggins parameter. r.: compressibility. do: system density.
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Nonbonded interactions
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Parametrization

» Parameters of the model:
> ke, Ko, Ko, XNW, XNN> XPP> XPW

10.05.2019



Parametrization

» Parameters of the model:
> ke, Ko, Ko, XNW, XNN> XPP> XPW
» Goals:

» Reproduces well the strcuture of B-DNA
» Reproduce the persistence length of SS- and DS-DNA
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Optimization procedure(1): Fitness parameter
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Optimization procedure(1): Fitness parameter
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Optimization procedure(1): Fitness parameter
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Optimization procedure(2): Optimization method

» Requirements:
» No gradients
» Handle noisy
fithess
» Few function calls
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Optimization procedure(2): Optimization method

» Requirements

» No gradients
» Handle noisy
fitness
» Few function calls
—> Bayesian
Optimization

— True Objective.
[ Discarded Region.

[ Confidence Region,|
eee Sampled Points.
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Optimization procedure(3): Implementation

f Python interface \
f > Shell interface = \
Prepare Run Compute

simulation simulation fitness

> 2
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Application of optimization

» 32 bp DNA, 100 mM salt
» 120ns
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Application of optimization

» 32 bp DNA, 100 mM salt
» 120ns
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Applications: Structural properties

» Best set:
» xaw = 19.0kdmol~’
» xwv = —12.7kJ mol T
> xpw = —7.2kJmol~’
> xpp = —4.2kJmol~!
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» Best set:
» xnw = 19.0kd mol~!
» xwv = —12.7kJ mol T
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> xpp = —4.2kJmol~!
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Applications: Structural properties

®)

.

» Best set: o
» xaw = 19.0kdmol~’ 2><F{adms
» xwv = —12.7kJ mol T <
> xpw = —7.2kJmol !

IN
L 2

> xpp = —4.2kJ mol~! ~ Bases/turn
Property simulation  expt. !
Bases per turn 96+0.3 10
Rise pr bp/nm | 0.34(5)+0.01 0.34
Radius/nm 0.88 + 0.04 0.94 Inise/bp

O
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Applications: Hairpin-formation
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Applications: Hairpin-formation
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Applications: Hairpin-formation
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Persistence length DS-DNA
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Persistence length DS-DNA

£ % —I/4 _
<t . t/> =e b, t=rpip10—rp,

1 = y
Hﬂ*ﬂﬂ
by,
0.8 F *++++++++ ity
e -
.
_~ 06 |
<
= 04t
0.2 +
0 . . .
0 5 10 15 20
/nm

» Experimental: /o =40-60 nm

10.05.2019 -17-



Persistence length DS-DNA
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» Experimental: /o =40-60 nm
» Simulation: /p =43 nm
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Problem with SS-DNA
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Problem with SS-DNA
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Outlook

» Redo optimization to get better SS-strand behaviour

» Less stiff k;
» Limit yaw < 10kd mol~!
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Outlook

v

Redo optimization to get better SS-strand behaviour

» Less stiff k;
» Limit yaw < 10kd mol~!

Applications on longer doublestranded DNA

v

v

Investigate the effect of salt on persistence length

v

Plans for applying optimization on other systems
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